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Abstract 
The mechanochemical synthesis which is characterized by the high speed of interaction of components and 
environmental friendliness is used for receiving LiAl-LDH. The variation of conditions of mechanochemical 
synthesis is carried out; their influence on structural parameters and regularities of formation of LDH, and also 
property of the mixed oxides is found out. Textural characteristics and the expressed basic properties allow 
considering the received Li-containing oxides as supports at synthesis of catalysts of nonacid type. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The mixed oxides of structure M2+М3+Ox are perspective system for the use as catalysts and supports of nonacid 
type in organic and petrochemical synthesis, including the processes of dehydrogenation of hydrocarbons [1]. 
Properties of the surface of the mixed oxides of this type and their catalytic characteristics depend on the chemical 
composition, the method of preparation and structure of the hydroxide precursors - the layered double hydroxides 
(LDH) [2, 3]. LDH represent connections of the structure M2+1–xM3+x(OH)2[(Аn–)x/n·mH2O]. The structure of LDH is 
created from the brucite-like layers, formed by OH groups - which are located relatively to each other in close 
packing. Atoms of oxygen of hydroxide ions form the system of the octahedral holes filled with cations M2+ и M3+ 
metals.  
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Presence of three-charging cations creates an excess positive charge of layers which is compensated by the 
hydrated An- anions which are in the interlayer spaces [2]. The structure of LDH is rather stable due to electrostatic 
interaction of the positively charged hydroxide layers and interlayer anions. Thus the ratio of radiuses of cations 
doesn't exceed the value 1.5 — 2.0, and М2+: М3+ ratio, as a rule, not more than 5 also depends on the nature of 
metals and conditions of synthesis [2]. The aluminum-magnesium system is the most widely applied among LDH, at 
the same time there are various compositions of the cations with different charges that are capable to formation of 
structure of LDH and providing wide range of properties of the received materials [3]. The special place is taken by 
cationic couple Li+ и Al3+ as a part of a hydrocarbonate [Al2Li(OH)6]2CO3 · nH2О [4-6] in this row. Introduction of 
alkaline metals to the structure of the support is widely used for modifying the properties of catalysts, therefore 
embedding lithium in the structure of the hydroxide precursors is capable to change significantly the acid-base and 
adsorptive properties of the LDH and the corresponding oxidic support, to reduce undesirable cracking and 
isomerization activity of the catalyst [1]. 
Thanks to the unique structure and properties the sphere of the use of LDH constantly extends [7], and it, in its 
turn, initiates researches on the development of new methods of their synthesis. The majority of the offered 
synthesis methods (a co-precipitation, an anion exchange, reconstruction from the mixed oxide, sol-gel method, etc.) 
are multistage, demand the use of large volumes of water, strict control of рН, aging of the sediment at the increased 
temperature during tens hours [3, 8]. Therefore current trends in synthesis of LDH are the approaches reducing 
duration of synthesis and amount of waste water ensuring profitability and ecological safety of the process. One of 
such methods consists of the use of solid-phase reactions between hydroxides and salts of the corresponding metals 
in the conditions of mechanical activation [9, 10]. Mechanochemical synthesis is especially actual for receiving 
LiAl- LDH as the main method of its synthesis is hydrolysis Al3+ in the presence of big excess of solution of a 
carbonate lithium in the course of which only the insignificant part of  Li+ is built in the structure of hydroxide 
aluminum [4-6]. At the same time there is only an insignificant number of the works connected with 
mechanochemical synthesis of LiAl- LDH [11], and their studying from the point of view of the use as precursors of 
catalysts support wasn't carried out earlier. An objective of this research is mechanochemical synthesis of LiAl- 
LDH and clarification of the influence of conditions of mechanochemical impact both on regularities of formation of 
LDH, and on textural and main properties of an oxidic phase. 
2. Experimental 
Mechanochemical synthesis of LiAl- LDH is executed with the use of powders of nitrate lithium and a aluminum 
trihydroxide (mix of a nordstrandite and bayerite) with the atomic relation of Li:Al=1:2 in the conditions of 
mechanical activation. Synthesis was carried out in the air environment in the water-cooled planetary mill of AGO-2 
of production of JSC NOVITS (Novosibirsk, Russia) with centripetal acceleration of the grinding bodies of 300, 600 
and 1000 m/с2. As the grinding bodies steel spheres of brand – SHH-15 with a diameter of 8.8 mm were used. The 
mass of the spheres loaded into drums made 170 g, a sample hinge plate – 5 g, a ratio of mass of a sample and the 
grinding bodies – 1:34. The time of mechanical activation varied from 5 to 60 min. The analysis of products was 
carried out by inductively coupled plasma atomic emission spectroscopy (ICP-AES) on a 710-ES (“Varian”) 
instrument spectrometer and atomic absorption spectroscopy (AAC) on an АА-6300 (“Shimadzu”) instrument. The 
X-ray investigations were carried out on the D8 Advance diffractometer ("Bruker") in monochromated Cu-Kα- 
radiation. X-ray patterns of the samples were recorded in the range of 5° < 2θ < 80° with the step of scanning 0.05 ° 
and time of integration of the signal 5 s step–1. Adsorption–desorption isotherms of nitrogen at 77.4 К were 
measured using a static volume vacuum system ASAP-2020М (“Micromeritics”) in the range of equilibrium relative 
pressures P/P0 from 10–3 to 0.996. Calculations of a specific surface for BET (SBET) were carried out in the range of 
Р/Р0 = 0.05-0.25 on an isotherm of adsorption of vapors of nitrogen. Values of the adsorptive volume of the pore 
(Vads) were determined by the size of adsorption of nitrogen at Р/Р0 =0.990, assuming that density of an adsorbate is 
equal to density of normal liquid and makes 0.808 g/cm3. The average pore diameter was evaluated according to the 
equation D = 4Vads/SBET. The BJH method for the adsorption branch of isotherms was used to obtain pore-size 
distribution curves (PSDCs). A cylindrical model of free pores was used in the calculations. TG-DTG-DTA method 
was applied to the research of process of thermal decomposition of samples of LDH. Measurements were carried out 
on the STA-449C Jupiter device ("Netzsch") in the dynamic mode in the environment of air at the speed of heating 
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of 10 °C • mines–1. Measurements of adsorption of carbon dioxide were taken on the static volume vacuum system 
Sorptomatic-1900. Before measurement samples were trained in vacuum (10-2 mm Hg) at 300 °C. For an assessment 
of the main properties of the support adsorption of CO2 was used at the increased temperature. Proceeding from an 
isotherm of the adsorption of carbon dioxide received to Р = 1 atm at a temperature of 30 °C the general capacity of 
a sample on this gas was counted (physically and chemically adsorbed СО2. Then the sample was vacuumized to 10-
2 mm Hg at the same temperature within 1 hour (removal of physically adsorbed molecules) and the second isotherm 
was received. Distinction between two isotherms allowed determining in number of the adsorbed СО2 that part 
which was kept on a surface thanks to its chemical nature. 
3. Results and discussion 
3.1. Research of structure of LiAl-LDH 
Research of phase structure of products of mechanochemical synthesis showed that, irrespective of process 
conditions, the main component is LiAl-LDH. Examples of diffractograms of the samples received at identical time 
of 15 minutes and accelerations of the grinding bodies of 300, 600 and 1000 m / s2 are presented on Fig. 1, and 
structural data for all studied samples are provided in Table 1. On XRD patterns there are basal reflexes 003 and 
006, typical for these systems characterizing structure of LDH [2, 3]. Their situation is influenced by the size of the 
hydrated anion and the force of electrostatic interaction of hydroxide layers with anti-anions. Other reflexes 
characterizing structure of LDH: 012, 015, 018, 110 and 113 are considerably indistinct and are imposed with peaks 
of phases of aluminum trihydroxide. Such blurring of peaks which is possibly connected with turbostatic  disordered 
LiAl phase doesn't allow to determine correctly the parameter of the lattice and, and also the size of crystallites in 
the plane of layers of La. Besides, there are phases of the aluminum trihydroxide (a nordstrandite and a bayerite) 
which didn't react (about the 30th pier. % of initial quantity of Al(OH)3). Therefore, in the phase LDH the ratio of 
Li:Al doesn't correspond the settlement 2:4 and makes about 2:3. 
 
 
Fig. 1. XRD patterns for the products of mechanical activation of the mix LiNO3 and Al(OH)3 received in various conditions of synthesis: 15 
min., 300 m / s2 (1); 15 min, 600 m / s2 (2); 15 min, 1000 m / s2 (3). 
Despite close structure of the received phase LDH, its parameters are changed depending on conditions of 
mechanochemical synthesis. At acceleration of the grinding bodies of 300 m / s2 the increase in time of influence 
from 15 to 30 minutes leads only to insignificant reduction of the sizes of crystallites in the direction of a normal to 
a layer (Lc) with 301 to 267 Å, however at accelerations of 600 and 1000 m / s2 there is a sharp decrease in the sizes 
of crystallites at increase in time of influence. Along with the reduction of the Lc sizes at increase, both time, and 
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acceleration there is also a reduction of quantity of layers in one package calculated as Lc relation to the size of 
interplanar distance of a basal reflex of d003 that testifies about gradual destruction of separate packages of a layered 
phase. Besides, the increase in time of influence for each of the chosen accelerations leads to the decrease in size of 
interplanar distance of d003, and, therefore, values of parameter of the lattice с. Such decrease probably is connected 
with the removal of part of molecules of water from interlayered spaces in more severe conditions of 
mechanochemical synthesis. 
Table 1. .Microstructural characteristics of the studied samples. 
Synthesis conditions 
Phase structure с, Å Lc, Å d003, Å Quantity of layers 
Time, min Acceleration, m/s2 
15 300 LiAl-LDH+Al(OH)3 26.86 301 8.96 34 
30 300 LiAl- LDH +Al(OH)3 26.84 267 8.94 30 
5 600 LiAl- LDH +Al(OH)3 26.93 546 8.99 64 
15 600 LiAl- LDH +Al(OH)3 26.92 89 8.98 10 
5 1000 LiAl- LDH +Al(OH)3 26.85 283 8.95 32 
15 1000 LiAl- LDH +Al(OH)3 26.84 99 8.92 11 
30 1000 LiAl- LDH +Al(OH)3 26.78 85 8.87 10 
3.2.  Formation of the phase of the mixed oxide and research of its textural characteristics and the basic properties 
Influence of conditions of mechanochemical synthesis of LDH on the process of formation of the corresponding 
oxidic phases it was investigated with the use of the TG-DTG-DTA method. Analysis of DTG-profiles (Fig. 2) 
allows to allocate three main areas of loss of the weight. In low-temperature area to 230 ° C there is a reversible 
removal of the adsorbed and interlayered water, and the high-temperature area of 400-650 ° C is connected with the 
irreversible processes of dehydroxylation of layers and removals of interlayer anions which lead to destruction of 
layered structure. Presence of the shoulder in the field of 490 ° C is the result of almost simultaneous course of these 
processes. Such interpretation of the received peaks will be coordinated with the results of the mass-spectrometer 
analysis of the allocated products [12, 13]. Besides, for all samples the loss of weight with a temperature maximum 
of 300 ° C is observed. 
Specially made experiment showed (Fig. 2, an insert) that there is an aluminum oxide formation from the phase 
Al(OH)3 in the field which isn't participating in formation of LiAl-LDH. It should be noted that the process of 
thermodecomposition of all received samples is similar, and formation of the oxidic phase LiAlOx comes to the end 
at the temperature of 700оС. The provision of maximum of peaks of loss of the weight doesn't change, only 
insignificant reduction of the size of low-temperature peak in the process of increase in values of parameters of 
mechanical activation is observed probably connected with the partial dehydration LDH in the course of synthesis. 
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Fig. 2. DTG-curves of samples of LiAl-LDH received at the mechanical activation of 5 min., 300 m / s2 (1) and 30 min., 1000 m / s2 (2). In an 
insert the DTG-curve for Al(OH)3. 
The temperature area of the removal of interlayered anions which is blocked with the interval of dehydroxylation 
of layers of LDH is determioned by binding energy of anions on the surface and depends on electronegativity of the 
elements forming hydroxide layers. As the result of comparison of results of the thermal analysis of LiAl-LDH to 
the researches LDH of various chemical composition [13] it is established that maximum of high-temperature peaks 
for LDH formed by cationic vapors ZnAl, NiAl, MgGa, MgAl, LiAl make 180, 330, 410, 450 and 560 ° C 
respectively that testifies about significant increase in a thermostability of LDH at injection of the cation lithium. 
For samples of the mixed oxides created when calcinating LiAl-LDH at 650 ° C nitrogen adsorption-desorption 
isotherms which form corresponds to an isotherm of IV type with the loop of hysteresis, characteristic for 
mesoporous materials were received. The influence of conditions of mechanochemical synthesis of LiAl-LDH on 
the process of formation of textural properties of this type of oxidic supports consists of the increase in the specific 
surface and reduction of the average size of pores in the process of increase in time of influence and acceleration of 
the grinding bodies follows from data of Table 2. Thus maximum of curves of distribution of pores by the sizes are 
displaced in the area of smaller values of diameters of pores (Fig. 3). The proportion of pores with the diameter of 
more than 20 nanometers decreases and pores of the sizes of 5-20 nanometers make more than 70%. 
       Table 2. The main textural characteristics of samples of LiAlOx  according to nitrogen adsorption. 
Syntheses conditions 
SBЕТ, m2/g Vads, cm3/g D, nm 
Time, min. Acceleration m/s2 
5 300 0.40 15.3 15.3 
30 300 0.26 8.1 8.1 
15 600 0.21 6.5 6.5 
30 600 0.22 7.0 7.0 
15 1000 0.22 5.3 5.3 
 
The influence of cationic structure of LDH on the basic properties of the mixed oxides is investigated with the 
use of method of adsorption of СО2 [14]. The adsorptive capacity on carbon dioxide for LiAlOx is shown in 
comparison with this parameter measured for the most studied aluminium magnesium oxides. It is followed from the 
data presented on Fig. 3b, that for MgAlOx basicity increases with the growth of magnesium proportion. However, 
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even the sample with the maximum content of magnesium Mg:Al=4 has lower adsorptive capacity on  СО2 in 
comparison with the Li-containing oxide in which the atomic relation of Li:Al is close to 0.5. 
 
 
Fig. 3. (a) Distribution of pores by the sizes for samples of LiAlOx received from LiAl- LDH synthesized in the following conditions of a 
mechanical activation: 5 min., 300 m/s2 (1); 30 min., 600 m/ s2 (2); 15 min., 1000 m/ s2 (3). (b) The adsorptive capacity on CO2 for samples of 
MgAlOx, Mg:Al=2, 3, 4 and LiAlOx, Li:Al=0.5. Temperature of adsorption of СО2 is 30 оС, the temperature of desorption is 30 ° C. 
4. Conclusion 
Layered double LiAl- LDH hydroxides in which cations of lithium are distributed in the structure of LDH are 
received by method of mechanochemical synthesis. It is shown that for formation of LiAl- LDH use of the softest 
conditions of synthesis is possible: the time of influence is 5 min. at centripetal acceleration of the grinding bodies of 
300 m / s2. It is established that the variation of conditions of mechanical activation is capable not only to influence 
LDH structural parameters, but also textural characteristics of the corresponding oxidic phase. More severe 
conditions lead to the increase in a specific surface of the mixed oxides from 100 to 160 m2/g and to more uniform 
distribution of pores by the sizes with the prevailing sizes of pores of 5-20 nanometers. The received textural 
characteristics and the basic properties allow considering the Li-containing oxides as perspective supports at 
synthesis of the supported catalysts of nonacid type. 
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